Electronic prescribing (e-prescribing) systems used in conjunction with decision support are increasingly being adopted in primary care and hospital settings around the world to reduce prescribing errors.
medicine). 4, 5 Information technology (IT), particularly electronic health record (EHR) and e-prescribing systems, have great potential to enhance communication and improve the quality and safety of care. 6, 7 However, some studies suggest the existence of serious problems and deficiencies associated with e-prescribing, which may significantly hinder the efficiency of EHR use and physicians' routine work, 8, 9 such as creating usability problems and introducing new error types. 9 This article's focus is on physicians' perception of patient safety and quality of care (PSQ). In this article, our aim is to investigate the influence of electronic prescription (e-prescription) on PSQ on physician's work as e-prescribing is used in primary health care settings and in a university hospital district. The first survey took place in 2012 when the e-prescribing system was initially introduced in Finland, followed by the second survey conducted in 2014, when the system was implemented nationally. Our work contributes to the research literature by exploring the relationship between key concepts (i.e., PSQ) as well as the technology acceptance model (TAM) and the interoperability of the EHR, e-prescribing, and the national Pharmaceutical Database.
Conceptual Framework
The conceptual framework that forms the basis of this study is the TAM. The TAM model was developed based on existing behavioral intention models in the social sciences: the theory of reasoned action 10 and theory of planned behavior.
11,12
The TAM model is based on two fundamental beliefs, namely systems' perceived usefulness (PU) and perceived ease of use (PEoU). 13 Davis defined PU as "the degree to which a person believes that using a particular system would enhance his or her job performance." PEoU can be defined as "the degree to which a person believes that using a particular system would be free of effort." 13 These beliefs determine an individual's attitude toward the use, behavioral intention, and actual usage of information systems. The TAM model posits a relationship (1) between users' perceptions of technology and acceptance and (2) between acceptance and actual use. Today, the TAM model is widely used as a conceptual framework in studies of the acceptance of various health information technologies (HITs). Prior research involving the TAM model explored the relationships between TAM concepts and the impact of national cultural differences, 14 perceived importance of data security, 15 a person's privacy concerns, 16 and perceived threat to professional autonomy. 17, 18 Additionally, PSQ were studied and noted as having a relationship with concepts described in the TAM model.
19
Most studies have focused on health professionals' behavioral intention to use health care technology. 20 , 21 Holden and Karsh highlighted the necessity of contextualizing the TAM model for health care settings and suggested that this could be done by differentiating between performance benefits accruing at the personal and group levels, focusing on health care outcomes, and allowing for different sources of social influences. 12 For example, Sun et al extended IT usage models to include the role of IT's perceived work compatibility in shaping users' IT usage intention, usage, and performance in a work setting. 22 The authors suggested that it was important to contextualize IT usage within a work setting to maximize its power in organizations. HIT has been shown to potentially improve PSQ.
3,23,24
Quality of health care can be defined as doing the right thing at the right time and in the right way to achieve the best possible results for a patient. 23 In this study, patient safety means the continuous identification, analysis, and management of patient-related risks and incidents to minimize harm to patients. 6, 23 One of the main HIT issues is the heterogeneity of available systems; 5 interoperability and adaptation have to be introduced into the model through compliance with technological and health-oriented standards. 5, 25, 26 For instance, an e-prescribing system that helps physicians enter orders on a computer could help prevent medication errors.
3,27,28
In Finland, e-prescriptions are stored in a centralized database, the Prescription Centre. The Prescription Centre is one part of the National Archive of Health Information (also called Kanta services). In addition to e-prescriptions, Kanta services comprise the Pharmaceutical Database and the Patient Data Repository. The Pharmaceutical Database includes information necessary for prescribing and dispensing, such as the process of administering medication and reimbursement status.
29,30
Interoperability issues may arise if patient care requirements, clinical processes, and administrative requirements are not adequately addressed. 19, 31 Interoperability refers to the ability of various information systems and software applications to communicate, exchange data, and use information that has been exchanged. 32 Definitions for e-prescriptions contain the use cases, requirements and data contents of the pharmacy system, Patient Records Archive, and HL7 definitions. 29 Integration is a combination of diverse application entities into a relationship, which functions as a whole. This study attempts to use a conceptual framework for e-prescribing, patient safety, and quality of care in physicians' work and to illustrate the usefulness of e-prescription in improving the quality and safety of care. 6, 7 This study extends the TAM model to analyze the acceptance of e-prescribing and adds an understanding of what kind of impact the external variables, patient identification, and interoperability of applications (i.e., interoperability between the EHR, e-prescribing, and the pharmaceutical database) have on physicians' individual work performance. The difference between previous studies and this study is it focuses on e-prescribing's impact on physicians' perception of PSQ rather than on the intention to use or usage of a system. PSQ could be viewed as measures of the usefulness of a system, but this study uses PSQ as estimates for e-prescribing's usefulness.
Research Model Hypotheses
The present study hypothesizes a model for predicting physicians' attitudes toward using an e-prescribing system as one for providing safer care. The study seeks to assess the impact of an e-prescribing system on PSQ, as well as assess effects between PU and PEoU and external variables, including the interoperability of an EHR system and patient identification. A gap between the postulated and objectively demonstrated benefits of electronic health (e-health) systems, including e-prescribing, was found in Black et al's systematic review that assessed the impact of an e-health system on perceived patient safety. 33 Davies et al suggested a potential for deterioration rather than improvement in perceived patient safety and safety attitudes among staff with the introduction of eprescribing. 28 The authors of the study found problems with systems' usability, nonstandardized implementation, and competence assessment strategies. They conducted a crosssectional study, which targeted all hospital staff involved in the care of surgical patients in southwestern England. 28 Similar results have been found with e-prescribing systems' usability in Finland and Sweden. 8, 24, 34 Our research model (►Fig. 1) seeks to assess and explain the impact of an e-prescribing system on PSQ on physicians' individual work performance. Two factors, patient safety and quality of care, will reveal the consequences of e-prescription as assessed by physicians. Two external variables, EHRs' interoperability (iEHR) and patient identification (ID), highlight the consequence of using the technology. The architecture of national social and health services in Finland describes the sector's common procedures, data contents, and data system services. 29 Physician uses the information by accessing patients' records, where patients' medication list, prescribing history, and known medication allergies are documented, and patient records to prescribing are accessible. PU and PEoU, which are two factors in the TAM, emphasize the importance of physicians' opinions on the use of e-prescribing software in their work. PSQ are the focus of this study. The original TAM was developed to predict users' organizational information system use. In this study, we are seeking to understand the kind of impact PU and PEoU have on physicians' work performance, including PSQ. Based on previous studies, seven hypotheses were identified.
Perceived Usefulness of Electronic Prescribing Systems
Davis linked PU with outcome expectations, instrumentality, and extrinsic motivation.
13 PU refers to one's belief that using a technology will lead to desirable outcomes, usually involving an increase in personal effectiveness or productivity. 13 An IT system's usefulness was found to be significant for users' acceptance in health care-related TAM model studies. 16, 19, 35 For example, participants believed that the new system could enhance job performance or improve work quality. 14,35 However, Sicotte et al found that one weakness of the TAM model's factors (PU, PEoU) was they did not predict new technology use among physicians. 36 Regardless of the weakness of the TAM model's factors, using an e-prescribing system is expected to improve PSQ on medication prescribing. Thus, we hypothesized: H1. e-Prescribing's PU is positively associated with physicians' perceptions of PSQ.
Perceived Ease of Use of Electronic Prescribing Systems
Studies on TAM model use in health care found a significant positive influence of PEoU on PU. 12, 36 In health care, ease of use, like time efficiency, would also be relevant. 37 If systems are easy to use and suitable for integration into daily work, they deliver adequate performance in most cases. 37 This finding is relevant, and it indicates that e-health applications would benefit physicians. 12, 19, 36 Contradictory reporting has been found in which there was no significant association between PEoU and actual use of information systems. 19, 38 PEoU could indirectly influence technology adoption through PU and should be considered a determining factor in technology acceptance. 19 Therefore, improving the usability of e-health systems is important. We hypothesized: H2. e-Prescribing's PEoU is positively associated with PSQ.
H3. e-Prescribing's PEoU is positively associated with PU.
Interoperability of the Electronic Health Record System and Patient Identification
EHR systems are computer systems that allow one to create, store, edit, and retrieve patient charts on a computer. 32 These systems facilitate the organization and rapid retrieval of information by serving as digital repositories for physicians' notes and laboratory results as well as patients' medications, allergies, and essential sociodemographic and contact data.
12
Interoperability has been defined as the ability of different IT systems and software applications to communicate, exchange data, and use information that has been exchanged. 32 Interoperability is no longer alone a technological option; it is a 
Physicians' Estimates of Electronic Prescribing Kivekäs et al. e32
fundamental requirement for delivering effective care and ensuring the health and well-being of patients. 39 Therefore, our hypotheses are as follows:
H4. An EHR system's interoperability is positively associated with the PU of e-prescribing.
H5. An EHR system's interoperability is positively associated with the PEoU of e-prescribing.
Recording a patient's demographic, treatment, and outcome data makes it possible to assess the results of changes to treatments or to the organization of care.
12 Consequently, the failure to correctly identify patients continues to result in medication errors, testing errors, and wrong-person procedures. The ultimate goal is to accurately identify the patient and link all related information to the individual within and across systems. 31 Therefore, we hypothesize:
H6. Patient identification is positively associated with the PU of e-prescribing.
H7. Patient identification is positively associated with the PEoU of e-prescribing.
Data Collection and Analysis
The empirical analysis uses data from surveys conducted in 2012 and 2014. The participants were all physicians who worked in primary health care and in a university hospital district. e-Prescribing was the only method that could be used for prescribing medication in Finland at the time of these studies. e-Prescriptions are sent electronically from a physician's office to a central database (i.e., the National Prescription Center). Pharmacies also have electronic access to prescriptions. The Finnish e-prescribing system uses a pull model; 40 it allows any authorized pharmacy to retrieve prescription information into its system for processing. At the time of the data collection (2012 and 2014), the eprescribing system had been used for more than 1 year and all physicians had experience with e-prescribing. The first study (2012) took place in two primary health care organizations (n ¼ 69/269, 26%). These primary health care organizations were the first in Finland to implement the e-prescribing system in 2010 and 2011. The second study (2014) took place in the university hospital district area, including a university hospital and primary health care enterprises (n ¼ 131/1,135, 12%). The university hospital district area was among the last in Finland to implement the e-prescribing system in 2013. The two studies had different participants due to their affiliations in primary care and hospital settings. However, participants in both studies had a little more than 1 year of experience with the e-prescribing system. A questionnaire was used as a collection method to obtain an overview of the participants' status.
A questionnaire was developed following a review of previously published questionnaires, 24, 41 prior research, and studies involving the TAM model. The study questionnaire was pretested twice in 2012 and 2014 by clinicians, senior health care officials, and two faculty members. One faculty member had a background in health and human services informatics and the other in pharmacology. The pretest allowed the researchers to identify confusing or redundant items through discussion with the individuals who were in the pretest. In this study, e-prescribing was investigated by utilizing a combination of questions inspired by the TAM model (i.e., n ¼ 18 items), questions from a survey by Hellström and her colleagues (i.e., n ¼ 10 items), 24 and structured questions collected by a 5-point Likert-type scale where 1 "strongly disagree" and 5 "strongly agree." Seven structured questions were used to collect demographic data. Physicians were invited to complete the surveys by email. All physicians in the organizations received an email with a hyperlink to the survey (n ¼ 269 in 2012, n ¼ 1,135 in 2014). The e-mail also included information about the purpose of the study and the researchers. No incentives were offered for participation. The web-based survey was available for completion for a period of 2 weeks and subsequently for an additional week after two reminder emails were sent inviting physicians to participate in the survey study. The first survey took place between September and October 2012, and the second study took place between April and May 2014.
This article provides a comparative analysis of how e-prescribing influenced physicians' work and how TAM factors and external variables correlate with PSQ. The TAM suggests that external variables indirectly determine one's attitude toward technology acceptance by influencing PU and PEoU. In our study, PSQ (►Table 1), the iEHR, and ID (►Table 2) were formulated by exploratory factor analysis. The model's validity was tested with the Kaiser-Meyer-Olkin test and Bartlett's test of sphericity, and all factors presented here fulfilled the tests' assumptions. Additionally, Cronbach's α values were calculated for the factors to test the scale's reliability. The α values were in the range of 0.65 to 0.96, which indicates adequate consistency. 42 The survey data were combined for statistical analysis, and when the survey was completed, it was a background variable. An exploratory factor analysis was also conducted with PU and PEoU variables, and it revealed some variation between 2012 and 2014 data. Despite some slight variation in the PU and PEoU factor loadings between the two years (►Table 3), the TAM's two main factors were kept in the initial structure.
Additionally, the researcher tested the effect of background variables (i.e., gender, age, setting, date of graduation, experience with e-prescribing and EHR, personal computing (PC) skills, and years the survey was taken) on the revealed significant association with the independent variables. To ensure content validity, the measurement items used to capture the theoretical construct were adopted from scales validated in previous health informatics research. 13, 24, 36, 41 Measures of the iEHR and ID were adapted from the national strategy of health informatics 43 and the Healthcare Information and Management Systems Society.
31
First, we conducted descriptive analyses to explore the demographic and theoretical data distribution. Next, we performed a path analysis using the maximum likelihood method of parameter estimation to test direct and indirect impacts on the extended TAM model. In the first step, we entered dimensions pertaining to the TAM (PU and PEoU). Then, two other dimensions, namely iEHR and ID, were added to the research model to improve its predictive power. All associations with predictors and PSQ were hypothesized as direct in iEHR and ID. We tested the influence of experience and demographic characteristics on physicians' attitudes toward the PSQ to detect potential modifying effects.
To evaluate the effectiveness of our research model, we employed an analysis of covariance (ANCOVA) to test the hypothesis that the research model will demonstrate physicians' perception of the e-prescribing system's impact on PSQ and test how the extended research model works with these data. The final model presented in the article includes only the significant predictors of PSQ. All statistical analyses were performed with SAS 21 (IBM, Amok, NY) and AMOS. A p-value of 0.05 was set as the level of statistical significance.
Results
Most participants (n ¼ 139, 70%) were female. The participants' mean age was 44.57 years (median ¼ 46 years). About two-thirds of the participants (n ¼ 123, 66%) worked in primary care at the time of the study. The participants' mean experience with an EHR system was 7.82 years (median ¼ 7 years), and half of the participants (n ¼ 115, 59%) had more than 1 year of experience with e-prescribing technology. For a full overview of the participants' demographic information, see ►Table 4.
In general, the participants used the e-prescribing system daily, and over half (n ¼ 121, 62%) used e-prescribing more frequently than five times per day. Over half of the participants (n ¼ 121, 61%) self-evaluated their PC skills as excellent.
►Table 5 shows the results from the ANCOVA model. PU had a significant association with PSQ, and iEHR had a significant association with both PEoU and PU. The findings show that experience with an e-prescribing system has positive effects on the participants' PEoU and PU. The research also found that participants' PEoU and PU were higher when the participants worked in a hospital. The findings suggest that PEoU was higher for female respondents, and PSQ was higher for males. In the second measurement completed in 2014, the iEHR system had a positive effect on participants' PEoU. A weak but statistically significant association was found between the year of graduation and experience with an EHR system. This occurred when the participant was a newly qualified physician (i.e., under 4 years of experience as a physician) and their experience with using an EHR system was low; the iEHR system's importance was emphasized. In statistics, a path analysis is used to describe direct dependencies among a set of variables. 42 The paths in this model, denoted by one-headed arrows, contain assumptions of the directions of the associations between the variables. The results of the path analysis model testing the research model for predicting physicians' perception of e-prescribing's impact on PSQ are reported in ►Fig. 2. A test of the structural model includes estimates for the path coefficients, which indicate the strengths of association between the independent variables. The path diagram supported a positive association for four of the hypotheses (►Fig. 2). PU has a direct and positive effect on PSQ, while PEoU has a direct positive effect on PU and an indirect effect on PSQ. iEHR and ID have a direct positive effect on PEoU, and they have an indirect effect on PU and PSQ. PEoU's direct effect on PSQ did not appear to be significant. ►Table 6 shows the path coefficient's direct, indirect, and total effects. This reflects an association in hypotheses H1, H3, H5, and H7 with a direct effect, while hypotheses H2, H4, and H6 yield an indirect effect.
Discussion
The aim of this study was to investigate the factors that can predict an e-prescribing system's influence on PSQ. The Qualified as a physician (y, n ¼ 199) Under 4 11 (16) 14 (11) 27 (14) 5-14 17 (25) 30 (23) 46 (23) 15-24 8 (12) 33 (25) 45 (23) 25-34 18 (26) 44 (33) 67 (33) 35 or over 14 (21) 10 (8) 14 (7) Experience on EHR system (y, n ¼ 160) <3 14 (22) 26 (27) 40 (25) 4-9 31 (49) 30 (31) 61 (38)
>10
18 (29) 41 (42) 59 (37) Experience on e-prescribing (y, n ¼ 195) 1 23 (33) 57 (45) Physicians assessed e-prescribing as safer than handwritten prescribing, 1,24 and it enabled them to provide better service. 24 Some studies
showed that e-prescribing systems cause fewer prescription errors compared with handwritten prescriptions. 1,27 Experience with using e-prescribing, as hypothesized, is positively associated with PU and PEoU. Human factors, such as experience, influence the probability of e-prescribing errors in unintentionally entering incorrect information. The selection of an incorrect option or dosage by prescribers who are unfamiliar with the functionalities of a given e-prescribing system can endanger patient safety. Physicians' e-prescribing experiences are an important aspect of technology acceptance when it comes to the expected usefulness of e-prescribing and attitudes toward PSQ.
1,2,25 Our findings are similar to those reported in recent studies; PU is the most significant factor affecting physicians' intention to use IT. 16, 17 Our study differs from previous studies that have shown
PEoU is a significant determinant of physicians' intention to use IT. 12, 16 The PEoU of e-prescribing had an indirect association on PSQ. 21 A possible explanation might be that participants do not consider usability an important reason to use a technology. The serious implications of their actions for patients and the considerable responsibility they assume could mean that intention to use a technology might depend on factors related to improving PSQ and not on usability issues. 20 Furthermore, Gururajan
showed that the ease-of-use factor was not strongly significant in the health care domain when determining wireless technology adoption. The health care environment is complex, sensitive, and time critical. He assumed that these issues could be some of the reasons why the TAM model did not perform as expected in health care settings. 45 It has been shown that 24% of prior studies did not find a significant relationship between PEoU and behavioral intention.
38
Interestingly, the results revealed that newly qualified physicians, who had little experience with EHRs, found the support of the interoperability of the EHR helpful. Physicians' resistance to IT such as EHRs has been reported in other studies. 18, 35 This research highlights the importance of attitudinal factors and cognitive instrumental processes where the medical professionals' adoption and utilization of health information systems with technology acceptance is concerned. Newly qualified physicians may use the information systems without prejudice. Prior research has shown that computer skills and young age were positively associated with technology adoption. 16 IT acceptance studies in the health care field have reported that higher levels of HIT experience led to a better understanding of where the components and functions of HIT were useful in daily routines. 12,32,44 These facts did not emerge with participants who have little experience with using EHRs in this study. This phenomenon could have arisen as the first sign of digital natives who think highly of the interoperability of technology. The interoperability of applications (i.e., EHR, e-prescribing, and the pharmaceutical database) and technological solutions as patient identification factors had an association with PEoU and an indirect association with PU. Technological solutions could be seen as relevant in physicians' work processes, whereas PSQ may be considered the benefits of electronic development. 12, 19, 32 In this study, e-prescribing was a positive example of HIT development, and the PU of eprescribing had a clear association with PSQ. A path analysis was used to analyze the complex association between different factors. Methods such as ANCOVA and path analysis are suitable for research on e-prescribing systems, where the objects of the research are multidimensional. Path analysis made it possible to investigate effects among complex factors and their structures describing PSQ. By selecting PSQ as dependent variables in our extended model, the importance of developing an e-prescribing system has been explained. 42, 46 PSQ could also be considered usefulness, which is an independent variable in the TAM model. This study highlights potential safety and efficiency benefits associated with integrated e-prescribing systems in health care 6, 9 used by physicians' during national implementation. The study examined physicians' experiences involving an e-prescribing system and their attitudes toward PSQ. The PU of e-prescribing had an association with PSQ. ePrescribing's PEoU had an indirect association with PSQ, whereas there was a direct effect on the PU of e-prescribing. The iEHR and ID had a direct effect on the PEoU of eprescribing. Physicians' EHR and e-prescribing experiences proved to be significant. 
12,16
Limitations and Future Directions
Although the response rate was relatively small in the single surveys (26% in 2012 and 12% in 2014), the combined data made it possible to conduct statistical analyses and allowed a preliminary interpretation of the study results. This was possible because the settings in both facilities (primary care and a hospital) were the same regarding e-prescribing system implementation. The web surveys were based on physicians' willingness to participate. Users' responses may not be actual perceptions but rather the subjects' reports of their perceptions. Therefore, the physicians answering the web survey might have had a more positive attitude toward innovative technologies when compared with those who did not answer the survey. Analyzing why so many physicians did not choose to participate in the survey was beyond the limits of this study. The link to the web-based survey was sent to a contact person who forwarded the email to the physicians. He or she received an automatic reply if the email did not reach a physician. The electronic survey was opened by physicians 29 times in 2012 (11%, 29/269) and 63 times in 2014 (6%, 63/1,135) without submitting the responses. Differences in gender groups may also be a source of bias in the study results. There was some association between female physicians and PEoU. In addition, male gender and PSQ were also associated with each other. From a theoretical viewpoint, this study underlines the importance of instrumental and attitudinal factors on physicians' technology acceptance decisions. The TAM model's factors of attitude toward PSQ and PU appear to be predictive and mediating mechanisms in medical professionals' acceptance of health information systems such as e-prescribing. Many studies have looked at how the TAM model and extended TAM model could explain the acceptance of new technology.
14-18 Future research may focus on determining whether the TAM model can also be used to explain the usefulness of a particular technology or "job performance" such as e-prescribing.
Conclusion
The study shows that the PU of an e-prescribing system was significantly associated with PSQ. The participants' opinions regarding e-prescribing and EHR systems were positive. The extended TAM model demonstrated that when experience with e-prescribing increased, the e-prescribing system's PEoU had an indirect effect on its PU and strengthened PSQ. Additionally, the research has focused on interoperability issues and improving the continuity of care to better understand technical effects and interoperability of work processes during HIT implementation.
Clinical Relevance Statement
• The PU of an e-prescribing system was significantly associated with PSQ.
• The interoperability of an EHR and patient identification had a direct association with e-prescribing's PEoU.
• This study highlights the importance of attitudinal factors and cognitive instrumental processes where 
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